Introduction

ABSTRACT
The Early Aptian Oceanic Anoxic Event (OAE la) was characterized by intensified greenhouse climate conditions, widespread accumulation of organic deposits in open-marine settings, major perturbations in the C cycle and a generalized increase in terrestrial runoff. Sedimentological, diagenetic and chemostratigraphic analyses of Lower Aptian platform carbonates from the North Cantabrian basin (N Spain) illustrate the regional impact and effects of those global conditions on shallow marine environments.
The studied interval outlines four stages of platform evolution. Stage 1 (earliest Bedoulian) is defined by an initial rapid marine transgression that led to deposition of shallow water oligotrophic photozoan skeletal assemblages, and by a later interval of subaerial exposure. Stage 2 (early Bedoulian) starts with a rapid transgression followed by deposition of grainstones that yield heterozoan assemblages, more typical of mesotrophic conditions, along with ferruginized oolites. Stage 3 (early Bedoulian) is defined by the drowning of the carbonate platform and subsequent deposition of open-marine marls, which are thought to represent the local expression of the OAE la. Finally, stage 4 shows the return of shallow water photozoan carbonate sedimentation. The carbonate 0 and C stable isotope records have revealed prominent negative excursions duri ng depositi on of the marl y interval of the stage 3, which may be associated with the important giobal changes that occurred at the onset of the OAE la. The change in skeletal assemblages that preceded the isotopic excursions and the platform drowning documents conditions of environmental stress caused by a combination of local and global factors. The global change, coupled with increased basin subsidence, triggered the drowning of the platform by progressive reduction of the growth potential of the carbonate factory.
The Cretaceous shallow carbonate platforms of the northern Tethys domain are typically characterized by rudist-dominated facies with corals and green algae, which are considered as an oligotrophic, photozoan style of carbonate production (e.g. Carannante et al., 1995; james, 1997; Philip and Gari, 2005; F611mi et al., 2006; Burla et al., 2008) . Their evolution is however punctuated by some stages of dominance of heterozoan communities as well as several phases of platform demise (e,g, F611mi et aI., 1994 Philip and Gari, 2005; Weissertet al., 1998) . One of the best known stage of platform growth crisis occurred during the Early Aptian linked to a global oceanic anoxic event, the so-called OAE 1 a. This event was characterized by widespread distribution of organic-rich deposits, and was associated to extreme greenhouse conditions and significant changes in the ocean-climate system (Schlanger and jenkyns, 1976; Spicer and Corfield, 1992; jenkyns, 2003 ) . During this time, widespread drowning of shallow water carbonate platforms appears to have been synchronous at a global scale, defining a correlation between the OAE la and these drowning incidents (e.g. Arnaud-Vanneau and Arnaud, 1990; Hunt and Tucker, 1993; jansa, 1993; Masse, 1993; Scott, 1993; F6llmi et al., 1994; Lehmann et al., 1998; Ruiz-Ortiz and Castra, 1998; Weissert et al., 1998; Bosellini et al., 1999; Wissler et al., 2003 ) . One indicator of the influence upon the platform carbonates of environmental change associated to this event is the occurrence of significant variations in styles of carbonate production and dia genesis. In fact, the anoxic event is not other than the effect of a battery of interrelated palaeoclimatic and palaeoceanographic changes that converge at this time and whose triggering mechanisms are still poorly understood. Under such situation of environmental collapse, carbonate sedimentation is expected to suffer strong modifications. One important consequence is that heterozoan associations become dominant in the platforms (Simone and Carannante, 1988; james, 1997) . However, there are still few ref erences to heterozoan style of carbonate production during this period, and a timing correspondence between rising of heterozoan facies and the anoxic episode has not yet been clearly established.
This study examines the effects of the OAE 1 a on the style of carbonate sedimentation and early diagenesis of a Lower Aptian carbonate platform from northwest Cantabria, in northern Spain. The area exhibits a well-exposed and continuous succession of Aptian shallow water platform carbonates that include a Lower Aptian open marine marly unit (Patrocinio Formation). The latter is thought to represent a short-lived episode of platform drowning and the local expression of the OAE 1 a (Wilmsen, 2005; Najarro and Rosales. 2008a,b) . The carbonate platform turned from photozoan to hetero zoan biogenic assemblages before experiencing platform drowning. In attempts to explain the change of carbonate production and the drowning event, several questions arise: (I) which factors determined the carbonate factory shutdown and the drowning of the Cantabrian platform?, (11) to which extent all those changes could be induced or enhanced by regional mechanisms (e.g., local tectonics) rather than global forcings? Sedimentological, geochemical, and diagenetic data are evaluated here in order to address those questions and to discriminate the effects of the OAE 1 a on shallow carbonate deposition.
B
Geological setting
The studied area is located in the northwestern margin of the Basque-Cantabrian Basin (BCB; Fig. 1 ). During the Cretaceous, this part of the BCB belonged to the northern margin of the Iberian plate and was subjected to extension. The BCB evolution and its current structure are the result of a complex kinematics between the European and Iberian plates (Malod and Mauffret, 1990; Olivet. 1996) . After a first extensional phase during the Permian-Triassic, a second rifting phase linked to the opening of the Bay of Biscay and North Atlantic ocean took place during the Late jurassic-Early Cretaceous (e.g. Le Pichon and Sibuet, 1971; Rat, 1988; Garda-Mondejar et al, 1996; Martin-Chivelet et al, 2002) . Renewed extension and perhaps left-lateral strike slip movement along NW-SE faults occurred in the Aptian-Cenomanian, during the last rifting phases (e.g. Malod and Mauffret, 1990; Garda-Mondejar et aI., 1996; Soto et aI., 2007) . Due to these tectonic events, numerous extensional basins and sub-basins bounded by active synsedimentary faults developed in the North Iberian plate margin (Fig. lA) .
The studied succession was deposited in one of these sub-basins, the North Cantabrian basin (NCB; Fig. lB relatively small (�20x80 km), E-W elongated sub-basin, that behaved independently for most of the Cretaceous time (Fig. lC) . The NCB was separated from the more strongly subsiding rest of the BCB to the east, by a N-S extensional structure (Rio Miera Flexure; Feuillee and Rat, 1971) (Fig. lC) . To the south it was limited by the Cabuerniga Ridge (Figs. lC and 2), an E-W trending palaeo-high which represents a previous Variscan tectonic structure reactivated as extensional faults during the Mesozoic (Rat, 1988; Garcta-Espina, 1997) . To the west, the NCB was bounded by the Asturian Massif and, to the north, by the liencres High, an ENE-WSW trending swell now situated mostly offshore in the Bay of Biscay (Wilmsen, 2000) ( Fig. lC) . Internally, the NCB was configured into swells and troughs controlled by the presence of N-S and E-W oriented synsedimentary faults and secondarily by NE-SW oriented faults . Among the principal synsedimentary faults, it is worth mentioning the important role that played the North Cabuerniga and Bustriguado faults ( Fig. 2A) , which controlled subsidence patterns during the Early Cretaceous and determined strong local changes in sedimentary accumulation ( Fig. 2B ) (Najarro et al., 2007 
SW-NE
Santillana area
Cuchia area areas according to their tectonic evolution and stratigraphy, from SW to NE: La Florida, Santillana, and Cuchia. The areas of La Florida and Cuchia represent respectively two low-subsiding blocks. Between them, the Santillana area formed a sedimentary trough and the main depocentre of the NCB during the Early Cretaceous (Fig. 2) .
Stratigraphy
The general stratigraphic and biostratigraphic frameworks of the Aptian successions of the NCB were established by Ramirez del Pozo (1972), Collignon et al. (1979) and Hines (1985) . More recently, the main depositional systems and sequences have been revised, estab lishing a new lithostratigraphic lll1it (Rabago Formation) and updating the stratigraphic and biostratigraphic schemes (Figs. 3 and 4) (Najarro and Rosales, 2008c; Najarro et aI., 2009; Rosales et aI., 2(09) . The Aptian lithostratigraphy of the NCB is composed of six formations, named from oldest to youngest (Fig. 3 (Pascal, 1985) .5) Rodezas Formation (latest Bedoulian early Gargasian, according to Collignon et al., 1979) , made of shallow marine sandstones, marly limestones and marls; and finally 6) Reodn Formation (Gargasian-Clansayesian, Orbitolina (Mesorbitolina) texana texana and Simplorbitolina manasi zones; Raffiirez del POlO, 1972) , composed of shallow water coral and rudist-bearing limestones.
In the La Florida area, the Aptian succession consists of an E-W elongate lithosome, 9 km long, with wedge-shaped geometry deep ening and thickening eastward, on the slope of a tilted block active during this time (Najarro et al., 2007) (Fig. 2B) . In this area, the initial Early Aptian marine transgression led to deposition of the Rabago and Umbrera formations (Figs. 3 and 4) . Continued transgression during the early Bedoulian caused platform drowning and resulted in deposition of the Patrocinio Formation, which completely covered the former carbonate platform. Subsequent regression during the Late Aptian originated the deposition of the Reodn Formation (Figs. 3 and 4). New biostratigraphic data based on calcareous nannofossils reveal the existence of a stratigraphic gap (paraconformity) in this area that comprises at least the late Early Aptian (late Bedoulian). This stratigraphic gap is time-equivalent to the San Esteban Formation, which is missed in this area (Fig. 4) . In contrast, in the Santillana area the Aptian succession is essentially complete without major hiatuses and the litho logical units show their largest thicknesses (Fig. 3) . Finally, in the Cuchia area, the first recorded Aptian unit is the Umbrera Formation, which rests unconformably on continental Wealdean fades (Fig. 3) . Remarkably, the Rabago unit is missing here (Figs. 3 and 4) , probably because it was eroded before the deposition of Umbrera Formation, or alternatively because it pinched out in this area. Subsequent transgression produced deposition of the marly Patrocinio Formation. The upper part of this unit shows in this area an upward increase in the content of siliciclastic siltstones and sandstones which resulted of a local delta progradation (Wilmsen, 2005) . The silidclastic deltaic deposits grade upwards to the San Esteban Formation. Like in the previous area, the Late Aptian stratigraphy is represented by the Rodezas and Reodn Formations, except in the Suances section where these two units are absent; indicative of a depositional and/or erosive hiatus that comprises at least the entire Late Aptian (Fig. 3 ).
Methodology and studied sections
A total of eight laterally correlative stratigraphic sections were measured and analyzed through the NCB for this work (Fig. 5) .
f---,--.1 ferreolensis Pascal (1985) , and Castro (pers, com), Planktonic foraminifera and nannofossil data based on Rosales et aL (2009) , and de Gea (pers, cam), The OAE la interval is equivalent to the "Selli level" defined by Menegatti et aL (1998) , Chronostratigraphy after Gradstein (2004) , El Soplao, La Florida, Corona de Arnero, and Bustriguado, Fig. 6 ). The other two are considered to be representative of the Santillana and Cuchta areas respectively: the first one logged between the villages of Hayuela and Canales, and the second at the Los Caballos beach near the village of (uchia (Fig. 2A) .
When outcrop conditions were favourable, sedimentological fea tures and macro fossil content were documented in detail in the field and sampling for microfacies analysis was conducted systematically (at least 1 sample per 2 m, often at a smaller scale). Uncovered and polished thin sections were investigated with an optical microscope and cold cathodoluminescence (CL), and then classified according to microfabrics and mineral composition. Thin sections were stained with a mixture of Alizarin Red S and potassium ferricyanide (Dickson, 1966) to aid in the identification of ferroan and non-ferroan phases of calcite and dolomite. Cathodoluminescence (CL) analyses were obtained from a Technosyn cold cathodoluminescence operator model U8200 MK5, operating at � 15 kVwith a current of 500-600 J,U\. Oxygen and carbon stable isotope analyses were performed on limestone and marl samples throughout two selected stratigraphic sections (Rlo Nansa and Rabago), which may be easily correlated and combined to conform a composite complete section. Powders for isotope analyses were retrieved by using a micro drill on micrites and marls, and avoiding diagenetic calcite and dolomite from crack fillings, replaced fossils or matrix irregularities, especially in limestone samples. The sample material was treated with 100% orthophosphoric acid using the conventional digestion method (McCrea, 1950) and the 8 13 C and 8 18 0 composition of the evolving CO2 gas was analyzed in a SIRA-Il doted with an "ISOCARB" automatic system at the University of Salamanca (Spain). The results are expressed in the common 8-notation in per mil (%0) relative to VPDB-standard. The international carbonate standard NBS-19 (National Bureau of Stan dards; 8 13 C=1.95%o and 8 18 0=-2.20%0) was used to calibrate the PDB, with an average precision of 0.01%0 for 8 13 C and 0.05%0 for 8 18 0.
Stages of platfonn evolution
During the Early Aptian, the shallow water carbonate succession of the NCB presents four distinctive stages of platform evolution, which have been differentiated on the basis of facies and stratal patterns, with special emphasis in vertical changes in facies, skeletal compo sition and particle associations, and correlation of particular sedi mentary surfaces (Figs. 5 and 6). Lithological description and interpretation of the four stages are summarized in Table 1 , which show the following principal aspects from base to top: It corresponds to the Rabago Formation. In the studied sections it presents a maximum thickness of 12-17 m. Its basal part is predominantly siliciclastic or mixed carbonate-siliciclastic, whereas the upper part is mostly carbonate alternating with some orbitolinid-rich marls (Fig. 7) . Vertical staddng patterns of facies show three main facies associations, which from base to top are: i) siliciclastic platform, IT) mixed carbonate siliciclastic platform, and iii) carbonate platform ( Fig. 7 and Table 1 ).
Siliciclastic platform facies are present at the base of Rlo Nansa and Rabago sections (Fig. 7) . They consist of a 5 to 7 m thick interval of interbedded, carbonaceous and laminated claystones, siltstones and fine to medium-grained micaceous sandstones, typically with lenticular and flaser bedding, and current ripples at the tops of the sandstones beds. Mixed carbonate-siliciclastic platform fades mainly consist of sandy limestones with variable amount of quartz sand and other terrigenous grains. They are organized in tabular beds 20 cm to 1 m thick (Fig. SA) , which often show wavy lamination and occasionally wave ripples at the bed tops. These sandy limestones are interbedded with claystones siltstones, packstone-grainstones, and orbitolinid-rich marls (Eg. 7).
Carbonate platform fades consist of alternations of orbitolinid-rich marls and nodular marly limestones, grains tones, packstones, wackestones and mudstones with corals and rudists of small size (Figs. 7 and SB). They are organized in planar to nodular, massive beds ranging from 0.3 to 1 m thick. These facies are arranged in a fining upward succession. Hence, packstone and grainstone are the most frequent textures in the lower terms of the succession, whereas coral rudist wackestone and microbialite mudstone with fenestral fabrics developed on the upper part ( Fig. 7 and Table 1 ).
In the La Florida area, the succession culminates with a dissolution surface displaying irregular cavities of decimetre size, fissures and macro and micro topographic relief with corrosive surfaces and indents. Interestingly, a thin Fe-rich crust appears in places coating the (Fig. 8D ). This crust is several millimetres thick and is made of very thin films (biofilms) of iron oxides with encrustations of agglutinated foraminifera, serpulids and microborings. Above this surface, the depressed zones of the palaeorelief and the cavities are filled with carbonate breccias made of centimetre-to decimetre-size sub-angularclasts of the underlying limestone ( Fig. SE ) and small broken (reworked) pieces of the Fe-crust. The matrix of the breccia consists of red-stained crinoid-rich calcarenite infiltrated of the overlaying stage 2. In the Santillana area, the end of the stage 1 is recorded as an erosive surface that truncates strata below (Fig. 9A ). In the Cuchta area, the stage 1 is not recorded.
Interpretation
As a whole, the stage 1 reflects an initial transgressive event followed by a shallowing-upward succession with gradual upward decrease in siliciclastic content in conjunction with increment of carbonate production. The platform evolves from a siliciclastic or mixed carbonate-siliciclastic platform to a restricted inner fossilif erous carbonate platform under low-energy and photic zone condi tions, and finally to peritidal facies. The dissolution surface at the top suggests emersion with small-scale karst morphologies (kamenitzas, as described in Di Stefano and Mindszenty, 2000) (Fig. SC) . The presence of the marine Fe-rich crust (hardground) coating the dissolution surface is interpreted to form during the following transgression at the onset of the stage 2.
Stage 2:
Carbonate production -deepening phase
Description
Stage 2 is represented by the Umbrera Formation (Fig. 9) , which consists mostly of cross-bedded bioclastic grainstone and packstone, rarely rudstone, arranged in a thinning-and fining-upward succes sion. Coarser bioclastic sands are concentrated in the lower part of the succession in beds up to 1-2 m thick. Red to tan coloured ferruginized oolitic grainstones with trough cross-bedding characterize the base of the succession. The lower-middle part of the succession is made of bioclastic-oolitic grainstones organized in massive and metre-to decimetre-thick cross-bedded sets (Fig. 9C) . The upper part of the succession is made of packstones and fine-grained grainstones that alternate with orbitolinid-rich marls. The top of the limestone beds is frequently bioturbated by Thalassinoides burrows (Fig. 9D) , which are filled with the overlying orbitolinid marls.
The maximum thickness of the calcarenite deposits of stage 2 is 52 m in the eastern part of La Florida area (Bustriguado section; Fig. 6 ). Here, these deposits pinch out and disappear westward (Rio Nansa section, Fig. 6 ), onlapping progressively on the underlying dissolution surface coated by the Fe-rich crust. The end of the carbonate stage 2 is marked by a discontinuity on top of a bioturbated and reddish calcarenite bed, which is covered by marls of the Patrodnio Formation (Fig. lOA) .
Interpretation
Sedimentary lithofades and structures suggest that high-energy tidal and coastal currents controlled deposition of these carbonate sands (sand waves). They represent high-energy shallow bars and shoals deposited in an open-marine, inner to mid carbonate shelf environment. At the upper part of the succession, abandoned bars were rapidly colonized by burrowing organisms (Thalassinoides) and then buried by marls. This suggests an overall deepening trend of the succession linked to a transgressive episode. The stage is represented by the Patrodnio Formation (Fig. lOA) . Open-marine marls of this unit abruptly overlie the shallow water carbonates of stage 2. Lithofades are formed by silty marls to dark grey, soft clayed marls with glauconite and ironstone nodules. These yield ammonites, belemnites, and micro fossils including planktonic foraminifera and nannoplankton. Up-section, the silt content of the marls increases and appear bioclastic beds with erosional surfaces, and debris of bivalves, brachiopods, echinoids and orbitolinids as well as wood fragments. Bioturbation also becomes intense upwards. In the Cuchta area (Fig. lOA) , the upper part of the stage 3 records an upward increase in the content of siltstones and mica-rich, biotur bated sandstones with Ophiomorpha nodosa, ripple trough cross bedded sandstones, and heterolithic fades with flaser and lenticular bedding, organized in a thickening and coarsening-upward sequence.
These deposits reflect the shutdown of the shallow water carbonate factory in the area and the drowning of carbonate platform stage 2, likely as the result of a combined action of a relative sea-level rise and poisoning by silidclastic particles. The lower marly interval is interpreted as formed by fall of fine carbonate particles mixed with fine-grained terrigenous material, under low-energy conditions below storm wave base. Up-section, the increment of silt content suggests input of coarser silidclastic material from continent. The bioclastic erosive layers suggest storm beds deposited above the storm wave base, and finally, the sandstone litho fades at the top represents progradation of deltaic fades (Wilmsen, 2005) . This whole succession indicates a net shall owing-upward trend and rapid regression towards the end of the stage.
Rio Nansa Section The shallow water carbonate production and deposition recovered during the late Early Aptian (late Bedoulian) and dominated until the Late Aptian. The interval is represented by dedmetre-to metre-scale beds of wackestones and packstones with rudist-coral assemblages and L. aggregatum-B. irregularis oncoids. The succession starts with up to 4 m of orbitolinid-rich, marly to nodular limestone beds ( Fig. 1 QB  D) , that are usually followed by marly limestones with orbitolinids, bioclasts, sponges and corals; these grading upward to well-bedded limestones with abundant requieniid rudists (Toucasia and Requienia) (Fig. 1OC) .
The instauration of stage 4 indicates the recovery in the effectiveness of the carbonate factory, favoured by the progressive shallowing of the depositional system and by the decontamination of terrigenous particles. When the carbonate sedimentation was re established, the orbitolinids were the first colonizers, due to their higher tolerance to adverse conditions such as water turbidity, terrigenous poisoning and limited light (as described in a similar case by Vilas et al., 1995) . The vertical evolution from marly orbitolinid fades to micrite rudist fades may indicate a gradual environmental change to more favourable ecological conditions for carbonate secretion and biodiversity. The micritic limestones with miliolids, rudists and benthic foraminifera indicate a shallow water, restricted lagoonal environment with low terrigenous influence. Carbonate platform litho fades of stages 1 and 4 display comparable assemblages of skeletal components. In grainstone and packstone lithofades, well-rounded fragments of green algae (dasycladacean, codiacean), coralline sponges, lumps of cyanobacteria, benthic arenaceous foraminifera, orbitolinids, and fragments of rudists and other bivalves are the most common carbonate components, with a minor contribution of plates and spines of echinoderms, gastropods, and fragments of branching corals, brachiopods and oysters. Micro fades of wackestone beds are dominated by intact and fragmented skeletons of rudists (mostly requieniids and monopleurids), nerineid gastropods, branching and colonial corals, dasycladacean green algae and thin shelled bivalves, with variable contributions of L aggrega tum B. irregularis oncoids, Chondrodonta, miliolids, orbitolinids and benthic agglutinated foraminifera (Fig. l1A-C) . In minor proportion, coralline algae, brachiopods, echinoderm plates, oysters and ostracods are also found. Intraclasts, peloids and micritized grains represent the most common non-skeletal particles in the carbonate platform litho fades of stages 1 and 4. Intraclasts «5%) are small and well rounded, and derived from fades of micrite matrix with foraminifera and bioclasts (Fig. 110) . Peloids are small in size, subspherical to ovoidal in shape, conspicuously rounded, and well sorted. They don't exhibit any evident structure or organization such as gradation or lamination. Silt-size grains of quartz «1%) and opaque minerals are also present.
Skeletal carbonate components of stage 2
During the carbonate stage 2, the principal skeletal components of the micro fades are large agglutinated benthic foraminifera (orbitolinids and large lituolids), bryozoans, plates and spines of echinoderms, crinoid ossicles, red algae and mollusc debris (bivalves, gastropods, and oysters) (Fig. 12A) . No intact rudist shells, corals and green algae have been observed. These appear as minor components preferentially concentrated in the basal beds of the calcarenite interval, immediately above the basal lll1conformity, and correspond to well-rolll1ded to subrolll1ded, abraded fragments, generally about 1 mm in size or less ( Fig. 12B) . These reworked fragments of rudists and corals are re crystallized and commonly constitute the nucleus of ooids (Fig. 12C) . Occasionally miliolids are present and may appear broken as well (Fig. 12B) .
Non-skeletal components of stage 2
Non-skeletal components of stage 2 are represented by fine to medium sand-sized quartz grains, glauconite grains, calcite ooids, ferruginized ooids and coated grains, and extraclasts (reworked fragments of previously lithified rocks). The latter include rock fragments derived from the underlying Fe-rich crust, from lime stones deposited during the stage 1, and from older sandstone units. Quartz grains may represent 5 to 30% of the whole components, are sub-angular to subrounded in shape, and show moderate sorting. Plant fragments are a minor but ubiquitous component.
Ooids and coated grains are fine to medium-grained, moderately to poorly sorted and well-rounded ( Fig. 12e-E) . The nuclei consist of quartz grains, chert, extraclasts, echinoid plates, and abraded fragments of corals and bioclasts that generally appear dissolved and replaced by calcite (Fig. 12C) . It has been distinguished both superficial and well-developed (normal) ooids with thick mixed cortices. Irregular concentric cortices of one or two layers form superficial ooids. Mixed ooids are common and result from the superposition of cortices made of both tangential calcite and micrite layers (Fig. 12E ). In addition, ooids formed entirely by layers of tangential arrangement of tightly packed radial calcite crystals, and micritic ooids made of concentric micrite layered structures have been observed. Some composed ooids with two or more nuclei also occur. Some ooid cortices appear broken and separated from the nucleus or other cortices by thin calcite cement (Fig. 12C) . Cracked ooids also occur, which may develop new cortices in discordance with the broken ones.
Glauconite beds occur in the upper part of the calcarenite succession, appearing as detrital grains, filling pore spaces, or replacing skeletal particles (Fig. 12F) .
Early diagenesis
The study of thin sections under optical and CL microscopy allows differentiation of a series of diagenetic features which reveal essential aspects of early diagenesis. These notably complete the environmen tal information given by facies and fossils, and contribute to reconstruct the evolution of the platform, especially during the stages 1 and 2, that preceded the OAE la.
Micritization
During the stage 1, bioclasts commonly present micrite rims or appear completely micritized. Both destructive and constructive micrite envelops are observed. Micrite envelops and micritization also occurred during the stage 2 affecting to skeletal particles and ooids.
Destructive micrite envelopes are formed by microboring pro duced by microendolithic organism and infilling of the tiny little voids by microcrystalline Mg calcite or aragonite cements (Bathurst, 1966; Perry, 1999) . Constructive micrite envelopes may result from the growth of externally calcified filamentous algae on the surface of the carbonate grains (e.g. Calvet, 1982) . Both modes are interpreted to be connected with the activity of microbes, algae and fungi (Perry, 1999; Fli.igel, 2004; (hacon et al., 2006) and represent microbial develop ment on the bioclastic debris. The micritized ooids are considered as the result of intense micritization of radial calcite ooids, caused by microboring by algae or fungi (Margolis and Rex, 1971 ).
Ferruginization
Concentration of iron oxide occurred on the ferruginous crust that coated the palaeokarst surface on top of the stage 1. It is made by serpulid worm tubes and encrusting agglutinated foraminifera (nube culariids) embedded in a matrix of iron-oxide films (Fig. 13A) . In addition, red to brown grainstone beds with abundant iron-stained components occurred in the first metres above this surface. Iron staining affects to echinoderm fragments, foraminifera and bryozoan chambers and ooids. In these reddish beds, the cortex and nucleus of the majority of the ooids are strongly ferruginized and present abundant microbor ings and microfilaments (Fig. BB-D) , which may have destroyed completely the original textural patterns. The iron oxides may replace the external calcite cortices only or may form mixed ooids. Mixed ooids are formed by tangential calcite or fine micrite layers that alternate with thin Fe-rich coatings (Fig. BB, C) .
Ferruginized ooids and crusts similar to those described above are frequent injurassic hardgrolll1ds and condensed sections of the Tethyan basins (e.g. Di Stefano and Mindszenty, 2000; Preat et al., 2000; Ramajo et al., 2002; Gradzinski et al., 2004; Mamet and Preat, 2006; Reolid et al., 2008) , but are identified throughout the whole stratigraphic record since the Proterozoic. Their genesis has been interpreted in diverse ways that include subaerial and submarine environments, with the iron being supplied from volcanic to hydrothermal, lateritic or continental sources (e.g. jenkyns, 1970; Nahon et al, 1980; Kearsley, 1989; Aurell et al., 1994; Sturesson et al., 2000) . In this study, the presence of serpulids and encrusting foraminifera in the iron films and the marine nature of most ooid nuclei indicate a definitive marine origin for the iron crust and ooids. The fact that the iron staining is related to bioclast and ooid portions which have lost the original texture suggests the presence of microbes that oxidized the ferrous iron. This may have occurred at the sediment-water interface (Preat et al., 2000) , but implies that water energy at the sea bottom varied intermittently. Once the calcite ooids were formed, they rested on the sea-floor during a time interval long enough to allow that the original calcite surfaces of the ooids provide substratum for colonization of iron-oxidizing bacteria and fungi, forming colonies within the carbonate cortex. The microbial activity led to precipitation and replacement of the carbonate support by submicrometric iron oxides, and the ooids became reddish (Fig. BD) . This is an early marine diagenetic process that occurred at slow rates and that requires a relatively large exposition of the ooids near the sediment-water interface. After that, the ferruginized ooids may be reworked during subsequent episodes of high energy, or may be latterly transported to the high-energy depositional settings of stage 2. Mixed ooids may result from reworking of previously deposited and ferruginized ooids affected by later formation of a new carbonate cortex on old ferruginous layers (Fig. 13C ).
Glauconite authigenesis
Glauconite cement has been observed in the stage 2, filling primary intra particle voids, particularly within echinoderms and orbitolinids.
This authigenic glauconite is considered to have been precipitated from marine pore waters during early marine diagenesis, under low sedimentary rates and partially reducing conditions (Odin and Matter, 1981) , and indicates primary mineralization in condensed marine sediments (Odin, 1988; Glenn et al., 1994) .
Carbonate cementation
Carbonate cementation affects all the analyzed samples from a variety of diagenetic processes extending from early marine diagenesis on the sea-floor to meteoric and burial environments. Only the sea-floor and meteoric diagenetic stages are discussed in this paper. These carbonate cements appear as pore-lining and pore-filling cements in primary cavities, intergranular pore space, and in secondary mouldic porosity.
Early marine cement
Isopachous, fibrous-to-bladed calcite cement (Cl) appears around ferruginized ooids, skeletal grains, quartz particles and extraclasts, associated preferably to the grainstone of the stage 2 of carbonate production. Isopachous fringing cement is also observed on samples from the stages 1 and 4, although it occurs more scarcely. This cement stains pink (non-ferroan) and fills primaryintergranular porosity. Under cathodoluminescence (a), it is bright to dull orange (Fig. 14A-B ).
This calcite cement appears to have formed early, in the marine phreatic or near sea-floor environment as high-Mg calcite or fibrous aragonite, and later transformed to low-Mg calcite (Moore, 1989 ; ferroan calcite cement (C2) precipitated in the mould porosity of a dissolved coral of the stage 1. In CL. C2 presents three cements zones (Zl-Z3). Zl is non-luminescent. 22 is mainly multizoned non-luminescent and orange bright luminescent and Z3 is dark-dull luminescent; sample IA-5. Rabago section. La Aorida area. (E-F) Reworked bioc1ast of stage 2 replaced by equant calcite cement (C2) that in CL shows the Zl-Z3 cement zones. Note the micrite envelope separated from the bioc1ast due to early mechanical compaction (arrow): Sample IA-12. Rabago section. La Florida area. James and Choquette, 1990) . The luminescence bright-dull orange suggests recrystallization or primary precipitation under slightly reducing conditions (Barbin, 2000) . However, the regular pattern and homogeneous intensity of luminescence point to a rather primary precipitation.
Shallow burial meteoric cement
Blocky equant calcite spar (C2) occurs as pore-lining and pore filling cement in primary inter-and intraparticle pores as well as in secondary mouldic porosity. This cement commonly occurs as scalenohedral (dogtooth) spar around pores or as drusy to equant calcite when occluding pore spaces. It is non-ferroan and probably low-Mg, and is rich in Fe-oxide solid inclusions. In CL this cement presents three cements zones (Zl to Z3; Fig. 14C-D) . Zl is non luminescent. Z2 is mainly orange-to yellow bright luminescent, and may occur as one single bright zone or as several bright luminescent/ non-luminescent multizones (Fig. 14D) . Z3 zone is dark-dull luminescent.
Spar crystals of calcite C2 have been observed in all the carbonate stages. However, there is a significant difference in how calcite C2 appears through the succession, especially through the stages 1 and 2. Beneath the unconformity at the top of stage 1, this calcite spar occurs extensively in intergranular, shelter, intraskeletal and mouldic pores, the later generated after leaching of aragonite skeletons. In contrast, above the unconformity, C2 calcite does not cement grainstones of the stage 2 (Fig. 14E-F) . In this case, it is observed only in some abraded skeletal grains, eroded and reworked from the previous stage 1 (Fig. 14E-F) .
Calcite spar C2 is considered to indicate freshwater shallow burial (meteoric) cementation from oxidizing (non-luminescent) to mod erate reducing (bright luminescent) pore fluids (Moon�, 1989; Muchez et aL, 1998; Dickson and Sail er, 1995; Mutti, 1995) . This process is well documented in modem aquifers (Champ et a.l., 1979) . Leaching of the aragonite skeletons and subsequent replacement by calcite spar C2 occurred during emersion at the end of stage 1. During the following transgression, with erosion of the previous stage, they were eroded and recycled in the grainstones of the stage 2.
Stable isotopes
Stable carbon isotopic composition (( P C) throughout the studied succession in La Florida area (Fig. 15) , varies from +3.6%0 to -4.5%0, recording a noticeable range of variability, which exceeds 8%0. In that succession, the 0 13 C record can be subdivided into three successive intervals (Fig. 15) . The basal interval matches with stages 1 and 2 of carbonate production. It shows relatively homogeneous and positive o 13 Cvalues during the stage 1 (mean of +2.2%0), and a significant and progressive decrease (of about 1%0) in the record of the stage 2 (but still within positive values). The second interval of the 0 13 C curve correlates with the Patrocinio Formation (stage 3). This interval is characterized by a notable negative excursion from values of -0.4%0 at the base of the interval to -4.5%0 at the top. The decrease in the values is not gradual but shows three negative peaks (-2.9%0, -4.1%0 and -4.5%0 respectively; Fig. 15) . Finally, the third interval in the 0 13 C record shows the return to positive values. This change occurs during the re-instauration of carbonate production in the stage 4. During this interval the 0 13 C values range from + 2.5%0 to + 3.6%0, and are, in average, more positive than those of the first interval.
The oxygen-isotope record (0 18 0) also shows a remarkable variability, with values varying from -2.7%0 to -13.8%0 (Fig. 15) . It reveals comparable patterns to those of the carbon-isotope curve, and three main intervals can be also differentiated along the section. The first interval coincides with the stages 1 and 2, and presents relatively constant values (mean of -3.5%0). A sharp negative excursion is recorded during deposition of the marly Patrocinio Formation. Here the values range from -5.7%0 to -13.8%0. The third interval of the 0 18 0 curve shows a return to less negative values (mean of -4.3%0), which are correlated with deposition of the stage 4 (Fig. 15) .
Discussion
Understanding the effects of the OAEs in the deep oceans has become a major objective of a large number of works in the last years. However, little is still known about the effects of these events on shallow marine platform carbonates and the interaction of their effects with local tectonic factors. The studied shallow platform succession was affected during the Aptian by the OAE 1 a and by extensional tectonics. During the Aptian and immediately preceding the anoxic event, the platform evolved from stage 1 (photozoan assemblages) to stage 2 (heterozoan assemblages) of carbonate production. Later, a rapid drowning of the platform and deposition of open-marine shales (stage 3) occurred at the onset of the OAE la. Finally, the recovering of shallow water carbonate deposition with photozoan assemblages took place during the stage 4, at the end and after the anoxic event. The data indicate that the stratigraphic, sedimentological, diagenetic and chemostratigraphic shifts that affected the platform carbonates during this time were abrupt, and all of them point to rapid environmental changes accompanying the platform evolution.
Photozoan versus heterozoan styles of carbonate production
The predominance during the carbonate stages 1 and 4 of light dependent benthic organisms and skeletal grain types (corals, dasycladacean algae, ete.) indicates a photozoan style of carbonate production (Table 1) . Comparing with modem carbonate sediments, this photozoan assemblage reflects favourable platform growth conditions in seawaters that are shallow, transparent, warm, euhaline, and oligotrophic (Hallock, 1988; F5llmi et ill., 1994; james, 1997) . The photozoan textures (wackestone and packstone) of stages 1 and 4 suggest that the depositional energy was predominantly low. The presence of miliolids, monopleurid and requieniid rudist banks, L. aggregatum-B. irregularis, and fenestral microbialites suggests shallow water with stable bottom conditions and deposition in protected lagoons with weak bottom currents (e.g. Ross and Skelton, 1993; G6mez-Perez et al., 1998) , only occasionally affected by high energy episodes. The low amount of non-skeletal grains and the minor contribution of siliciclastic particles, except for the mixed carbonate-siliciclastic facies at the transgressive bases of the carbonate stages, suggest low contribution of terrigenous runoff during these stages of carbonate growth.
In contrast, during the stage 2, the platform sedimentation was dominated by a heterozoan style of carbonate production, with predominance of calcite components, absence of organic build-ups, and abundance of suspension feedings such as crinoids and bryozoans. The substantial amount of orbitolinids indicates conditions of high nutrient input, since these asexually reproducing benthic foraminifera thrive in such conditions (Birkelilnd, 1988; Vilas et ill., 1995) . The heterozoan skeletal grains of the stage 2 (e.g. echinoids, coralline algae and molluscs) are ubiquitous elements present in a wide range of shallow marine systems and latitudes, although they became predominant only when other organisms are inhibited by environmental conditions such as light availability, temperature, salinity and nutrients (Hallock. 1988) . In modem platform analogues, this heterozoan association typifies sedimentation in cool waters, or alternatively, sedimentation below the photic zone Games, 1997). However, nutrient poisoning (excess) can produce enough environ mental stress to radically alter the platform benthos and eventually led to platform drowning (Hilllock and Schlager, 1986; Hilllock, 1988; jenkyns, 1995) . During the Aptian, sedimentation in the Basque Cantabrian basin occurred in warm, sub-tropical climatic regions (e.g. Scotesse et al., 1998) , and the data indicate that both the photozoan and heterozoan stages of carbonate deposition took place in shallow water conditions. The presence of light-dependent organisms in the photozoan stages implies deposition within the photic zone. In the heterozoan stage 2, the overall lack of carbonate mud, the common high-energy traction current structures, and the presence of oolites suggest deposition under agitated bottom waters, likely within the photic zone as well. Therefore, depth seems not to have played a major role in the compositional shifting to heterozoan carbonate sedimentation during the stage 2. The presence of substantial amounts of sand-sized siliciclastic particles accompanying the heterozoan stage 2 may be considered as an indicator of higher nutrient influx levels accompanying the import of detrital particles in this stage that preceded the OAE la (F611mi et al., 1994; Burla et al., 2008) .
Recently, there is an open debate about a possible causal relationship between the presence of Lithocodium-Bacinella commu nities in shallow epicontinental seas and the OAE 1 a (Immenhauser et al., 2005) . According to these authors, the Lithocodium-Bacinella consortium may represent an out-of-balance facies, flourished under rising nutrient levels, which are time-equivalent in shallow water platforms to the black shales deposited in hemipelagic and pelagic environments during the OAE la (Immenhauser et al., 2005) . However, in this study the presence of Lithocodium-Bacinella communities is not related with the OAE 1 a. In fact, this facies appears indistinctly before and after the OAE la, (stages 1 and 4) with the maximum bloom taking place during the Late Aptian (Reodn Formation), which is not time-equivalent with the OAE la. On the contrary, the time-equivalent facies at the onset of the OAE la are represented by the black marls of the stage 3 (Patrocinio Formation) deposited during transgression and drowning of the platform.
Ferruginization, glauconite, and environmental stress
The shifting from the photozoan stage 1 to the heterozoan stage 2 was marked by a subaerial exposure surface coated by a later sub marine iron crust; and the heterozoan skeletal association of stage 2 was accompanied by formation of ferruginized oolites. The ferrugi nous crust indicates early sea-floor cementation resulting in a hard ground-capped unconformity, likely related to iron bacteria and microbe activity. This is suggested by the existence of microborings filled with iron oxides. The presence of nubeculariid foraminifers may suggest relatively shallow warm waters (Gradzinski et al., 2004) .
Ferruginization of previous calcite oolites resulting in the formation of ferruginized oolites took place also under the influence of iron-oxidizing bacteria. This process can be produced by a variety of both phototrophic and non-phototrophic microorganisms. Due to the lack of light dependence of these organisms, they probably formed under dim conditions and required slow sedimentation rates, the presence of low-oxygen water masses and a source of iron (Mamet and Preat, 2006; Preat et al., 2008) . Such conditions were likely associated with dysaerobic sediment-water interfaces (Mamet and Preat, 2006) . Under such conditions the stability of the soluble reduced state of iron is higher and the metabolic activity of Fe oxidizing bacteria can induce ferric oxide and hydroxide precipitation as a secondary by-product (Konhauser, 1998; Mamet and Preat, 2006) . Therefore, these ferruginized oolites suggest the existence of long periods with dysaerobic bottom conditions that would alternate with high-energy conditions where the cross-stratified grainstones were formed. As indicated by the presence of some oolites with mixed layers of iron oxides and calcite, iron precipitation occurred probably very early, just after formation of oolite calcite cortices and fragmentation of skeletons and their immediate deposition, although they were still susceptible of periodic reworking. The source of the iron mineral can be explained by a terrigenous origin, with the iron derived from enhanced continental weathering during sedimentation.
The formation of both hardground surfaces coated with iron oxide and glauconite-bearing sediments is frequent in the geological record related to condensed series and submarine hiatuses, and their genesis appear to be directly related to rapid sea-level rises, carbonate platform destruction and eutrophication (Hallock and Schlager, 1986; Hallock, 1988; Follmi et al., 1994) . The data suggest that enhanced terrestrial runoff during the stage 2 of carbonate production probably brought iron and nutrients to the North Cantabrian platform, resulting in water-column eutrophication and environmental stress. These particular trophic conditions may explain the proliferation of heterotrophic Fe-oxidizing bacteria and suspension-feeding benthic organisms, such as crinoids and other heterozoan skeletal compo nents of the stage 2 Games, 1997; F51lmi et al., 2006). Primary intergranular porosity in grainstones from the stage 2 was filled with rinds of marine isopachous calcite cements, which precipitated primary most likely as luminescent cements. Manganese is the most common activator of the luminescence in natural calcites (Marshall, 1988) and its incorporation in marine cements may suggest changes in the trace element concentration of the seawater or changes in the redox environmental conditions of precipitation (Barbin, 2000) . Besides, the influx of freshwater may increase the Mn content of seawater and, therefore, of the calcite precipitated under such environmental conditions. For example, cathodoluminescence studies carried out on recent biogenic calcites have revealed an increase of luminescence and Mn contents of the shell calcites with decreasing salinity (Barbin et al., 1991) .
9.4. Platform drowning and negative C and 0 isotope excursions of stage 3
The platform drowned during the evolutionary stage 3. The age of the drowning episode is well constrained with ammonites, planktonic foraminifers and nannofossils (Fig. 4) America, Japan and the Pacific Ocean (Menegatti et aL, 1998; Erba et al., 1999; Gr6cke et al., 1999; Jenkyns and Wilson, 1999; Luciani et aI., 2001; Ando et aI., 2002; Bellanea et aI., 2002; jenkyns, 2003; Erba, 2004, Burla et aL, 2008) , and is defined as a distinctive feature of the onset of the OAE 1 a. Although the possible causal mechanisms of this carbon-isotope negative excursion are under a controversial debate (jahren et aL, 2001; Beerling et aL, 2002; Jenkyns, 2003; Milkov, 2004) , the massive release of isotopic ally light carbon to the atmosphere/hydrosphere reservoirs from methane hydrate dissociation is regarded as the most plausible hypothesis. This release was probably triggered by intensive volcanism and formation of large igneous provinces .
There is a good correlation between the ( P C record of the studied Aptian carbonates and the main changes occurring in the evolution of the platform. The photozoan stages 1 and 4 are characterized by ( P C values typical of micritic limestones from carbonate platforms of this period (Menegatti et aL, 1998; Burla et aL, 2008) . The installation of the heterozoan stage 2 is correlated with a slight shift to more negative ( P C values before the sharp negative spike that characterize the stage 3 of platform drowning and the onset of the OAE la. Similar correlations of ( P C negative shifts and phases of heterozoan carbonate growth have been also described for other Early Cretaceous
Tethyan platforms (Follmi et aL, 20(6) . Other possible mechanism to explain isotopically light values of both 8 18 0 and 8 13 C records in shallow platform carbonates can be found in early diagenetic processes associated with platform exposure (Immenhauser et aL, 2002 (Immenhauser et aL, . 2003 (Immenhauser et aL, , 2008 . These authors propose that 
Qimate (global) versus tectonic (local) controls on the platform evolution
Beyond the influence of the OAE la, the described patterns of platform evolution in the NCB are also influenced by regional factors such as local tectonics and differential subsidence or runoff changes. Eustacy also should play a significant role in the evolution of the platform.
Regionally, rift tectonism occurred during the Tithonian-Cenomanian (e.g. Martln-Chivelet et aL, 2002) . The syn-rift nature of the carbonate succession deposited during the Aptian in the NCE is indicated by the fact that strata thicken and fan out into hangingwall areas and thin onto footwall areas (Figs. 2B and 5) . Therefore, it can be assumed that the accommodation space for platform growth was created from a combination of sea-level change, local block movements, and regional subsidence from crustal thinning and sediment loading. remarkably, it has been also reported from cratonic areas, such as the East African craton, which are considered as geologically more stable (Bosellini et al., 1999) . Because this transgression correlates well with similar events around the world and within different tectonostratigraphic settings (Somalia, Arabian Peninsula, Ethiopia, southern Italy, France, Spain, Portugal, north-eastern Mexico, Pacific realm, etc.) (e.g. Lehmann et al., 1999; Bosellini et al., 1999; Rosales, 1999; Burla et al., 2008; F5llmi, 2008) , it is considered as a global phenomenon linked to the OAE la. Therefore, and in summary, in the NCB, the proximity of emerged land areas to the south of the Cabuerniga Ridge and in the Asturian Massif (see Fig. 1 C for location) along with a combination of tectonic movements and more humid climate conditions, would have increased continental erosion, river drainage and runoff, which ultimately would have been responsible for the local/regional platform eutrophication and the subsequent drowning that accompany the OAE 1 a.
Conclusions
The following conclusions from the study of the Early Aptian carbonate succession of the North Cantabrian basin can be drawn:
1) Four successive stages of carbonate production (1 to 4) outline the evolution of the platform, from which stage 3 corresponds to the local expression of the OAE 1 a.
2) The carbonate stages that preceded the OAE la exhibit a compositional shifting from photozoan (stage 1) to heterozoan (stage 2) skeletal grains. These two stages of carbonate production are separated by an unconformity. This surface exhibits evidence of erosion, karstic dissolution and meteoric diagenesis, and is capped by a submarine ferruginous crust during the following transgressive event.
3) Tectonic activity favoured the influx of terrigenous particles from terrestrial runoff that accompanied the observed biotic changes.
Besides, an accelerated hydrological cycle increased the input of freshwater and nutrients into the platform, causing the change from oligotrophic (stage 1) to mesotrophic (stage 2) conditions. 4) This event in the evolution of the carbonate platform correlates well with worldwide environmental deterioration of benthic environments. The combination of water freshening, nutrient poisoning, tectonic activity and rising eustatic sea-level may have acted together resulting in the progressive destabilisation of the marine environments and the change to less-effective carbonate factories (heterozoan), which may be the cause of the demise of many carbonate platforms worldwide previous to the instauration of the OAE.
5) Finally, the integration of sedimentological, diagenetic and chemostratigraphic analysis has been proven as a useful tool to identify and characterize global palaeoclimatic perturbations in shallow water carbonate platform environments.
